INTRODUCTION
Wheat is grown on more than 240 mil.ha., larger than for any other crops, provide around 20 percent of the world's food energy (Pask and Reynolds, 2013; Braun et al., 2010) . Limited water resources as a result of progressively increase in global temperature is regarded as a major restricting environmental factor in wheat production (Acevado et al., 1999) . Although water scarcity have been experienced during all growth stages of wheat due to unfavorable rainfall distributions in Mediterranean Regions, effects of drought have markedly increased in post-anthesis and grain filling stages (Istipliler et al. 2017; Tatar, 2016) . Increasing rainfall-use efficiency by new conservative agronomic practices is needed to be implemented at those types of environments. Changing canopy structures in wheat production is accepted as one of the effective agronomic practice to efficient use of limited resources (Satorre, 1999) . Boogard et al. (1996) stated that evaporation, dry matter accumulation and water use efficiency were strongly affected by canopy structure in Mediterranean type climate conditions. Turner (2004) reported higher transpiration in denser canopy of wheat while water use efficiency didn't change due to adapting ability of tillering at different sowing densities. On the other hand, reduction in agronomic water use efficiency because of the lower grain weight was also found in higher sowing densities (Turner et al., 1994) . Chen et al. (2010) demonstrated that 7.5 cm row distance in wheat production was the best sowing norm for optimum grain yield and conserving soil moisture content. Establishing better canopy structure in winter wheat production during earlier growth stages (November to April) when the soil moisture content is often adequate is one of the possible avoidance strategies to reduce evaporation and increase water use efficiency during later stages (April to June) when the water is restricted. Purpose of this study was to monitor canopy cover speed of wheat using with digital imaging and evaluate effects of different canopy structures on soil moisture content during later growth stages.
MATERIAL AND METHODS
This study was conducted in 2011/12 and 2012/13 growing seasons at the experimental site of Ege University, Faculty of Agriculture, Department of Field Crops, Izmir-Turkey (38°27'6", 27°13'32"E). The soil structure of experimental field was clay loam, mild alkaline and moderate calcic. Air temperature (°C), relative humidity (%) and rain amount (mm) were obtained from Turkish State Meteorological Service (Figure 1 ). The experiment was comprised of 3 different row spaces (10, 20, 30 cm) and 3 different line distances (1, 2, 3 cm) with 3 replications in Randomized Block Design. The plot lengths were 3 m and plot widths were varied as 0.6 m, Totally 9 different sowing norms were established and the sowing of wheat were fulfilled by using iron manual device (Figure 2 ). Initially, 6 kg N and 6 kg P 2 O 5 fertilizer were applied as ammonium sulphate (21%) and triple super phosphate (45%), respectively. Then, additionally 6 kg N were applied as ammonium nitrate (33%) in jointing stage of wheat. Digital leaf area index were determined by using digital photography method (Nathalie and Breda, 2003) during the specific growing periods. One square meter area of each plots were photographed as vertically by using Nikon D80 camera and green area were determined based on pixel counting by Adobe Photoshop CS6. Soil moisture contents were recorded as gravimetrically by using earth auger during the specific growing periods especially after postanthesis period. Soil samples were collected from each plots and different soil profiles (20, 40 and 60 cm). Gathered soil samples were immediately weighed then dried in 105 °C oven during 24 hours. After drying process, soil water status of each plots were calculated relatively by differences between wet and dry soil weight. Totally 10 wheat plants were randomly selected from each plot just before harvest time. Plant height, total dry weight, tiller number, harvest Table 1 . Effect of row (10, 20 and 30 cm) and in-line (1, 2 and 3 cm) distance on plant height (cm), total dry weight (g/plant) and tiller number (number/plant) of wheat. index, spike number, grain number per spike and thousand grain weight were determined. A plot harvesting machine was operated to find grain yield. Data were subjected to analysis of variance for each parameter. All data were analyzed by using standard ANOVA techniques of Statistica software. The mean values of each parameter were compared according to LSD test described by Steel and Torrie (1980) .
RESULTS AND DISCUSSION
Plant height decreased with increasing distances of plants in lines (Table 1) . Increase in plant height of wheat in denser sowing lines was also reported by Nasari at al. (2012) . Although plant height mostly accepted as genetically controlled traits (Shahzad et al., 2007) , sowing density is a most effective environmental factor on it. Table 2 . Effect of row (10, 20 and 30 cm) and in-line (1, 2 and 3 cm) distance on spike number (number/plant), seed number (number/spike), thousand grain weight (g) and grain yield (ton/ha) of wheat. On the other hand tiller number was significantly affected by both row and in-line distance. Approximately every 1 cm increase in-line distance led 0.9 increases in tiller number per plant. Similarly, Spink et al. (2000) found % 61 increase in tiller number of wheat due to reduction in plant density from 320 plant/m 2 to 40plant/m 2 . Although interaction between row and in-line distance were significant for total dry weight (TDW) of plants, general trend of increasing TDW in wider rows and in-line distance were recorded (Table 1) . Satorre (1999) also stated that dry weight of single plants decreased with higher sowing densities while total dry weight from a unit area increased. Increasing total dry matter per square meter with reducing row distance from 35 cm till 15 cm was reported by Liu et al (2016) but same increase was not recorded in denser rows after 15 cm. Spike number per plant (SNP) and seed number per spike (SPS) increased while thousand grain weight (TGW) decreased in higher sowing distances in lines (Table 2) . SNP was also increased in 30 cm row distance comparison to 10 and 20 cm distances. Higher spike number in unit field area but lower seed number per spike was also reported by Darwinkel et al. (1977) . Nerson (1980) stated that plant density in wheat was most important factor on spike number beside tiller number. Similar to our findings, Puckridge and Donald (1967) found a decrease in TGW of wheat due to increase in plant density. However, they also stated that seed number was more susceptible than TGW to sowing density. A significant interaction was found between row and in-line distances for grain yield (Table 2 ). Higher grain yield (2.610 ton/ha) was found in 20 cm row distance and 1 cm in-line distance treatments whereas lowest (1.406 ton/ha) in 10 cm row distance and 3 cm in-line distance treatments. Approximately 500 plant/m 2 plant density, sowing distance of 20x1 cm, is the most common sowing pattern in Turkey (Sakin et al., 2015; Aydın et al., 2007) . Özcan Sümer et al. (2010) also obtained higher grain yield from the plots had 500 plant/m 2 . Soil moisture contents after post-anthesis stage were given in Fig. 3 . Earlier measurements in April were markedly higher (19.0% -22.5%) in the first year of the experiment comparing to second year (12.1% -16.5%). The difference could be attributed to higher rain amount in 2011-12 growing season after April. Higher moisture content of upper layers of the soil profile (20 and 40 cm) were found at the harvest time (July) in also 2011-12 growing season. On the other hand, higher distance in lines (3 cm) had lower soil moisture content in 2012-13 growing season. Boogard et al. (1996) reported that higher sowing densities led higher water use efficiency in earlier stages of wheat but higher transpiration restricted soil water reserves during later stages. Higher sowing densities in dry areas caused an increase in evapotranspiration but it didn't result relative increase in grain yield according to the findings of Kaufmann (1972) . However, controversial results were reported in the same research for the areas where soil moisture content was not limited. Correlation between linear regression slope (y=ax-b) of leaf area index (LAI) during earlier growth stages during January to April and soil moisture content at harvesting time was given in Fig. 5 . The slope which referring canopy covering speed in earlier stages was negatively correlated (r = 0.51) with soil moisture at harvesting time in the second year of the experiment (2012-13) when the rain amount was sufficient after anthesis stage (April to June). On the other hand similar correlation was not found (r = 0.06) when limited rain was received in the first year of the experiment (2011-12). Satorre (1999) was also found that higher transpiration during earlier stages led a significant reduction in soil moisture content at the later stages. 
CONCLUSION
In our study, increasing in sowing density by different row and in-line distance reduced tiller and spike number per plant. On the other hand, grain number of spike and thousand grain number were significantly affected by in-line distance instead of row distance. Higher grain yield were obtained 20x1 cm treatment. We successfully monitored wheat canopy covers of different sowing patterns by digital imaging technique and calculated leaf area indexes based on a software outputs. Two contrasting rain fall pattern of successive experimental years revealed that soil moisture content at later phase of wheat growth associated with canopy cover during earlier stages. In conclusion we may suggest that rapid canopy cover lead to negative effect on soil water status via higher transpiration if the rain is limited during postanthesis stage of wheat. 
